O n presentation at a neurosurgical-neurovascular center, patients suffering from aneurysmal subarachnoid hemorrhage (SAH) may exhibit a reduced level of consciousness due to initial bleeding, rebleeding, hydrocephalus, sedation, or seizure 1, 9, 15, 20, 22 as well as other conditions. Subarachnoid hemorrhage causes seizures in up to 26% of patients, which occur most commonly within the first 24 hours. 3, 9, 20, 23 Most seizures occur before hospital presentation. 20 The severity of SAH, as graded on scales like the World Federation of Neurosurgical Societies (WFNS) scale, as well as intracerebral hemorrhage (ICH), localization of the aneurysm, and the amount of subarachnoid blood are important risk factors for the development of early seizures. obJect After subarachnoid hemorrhage (SAH), seizure occurs in up to 26% of patients. The impact of seizure on outcome has been studied, yet its impact on grading is unknown. The authors evaluated the impact of early-onset seizures (EOS) on grading of spontaneous SAH and on outcome. methods This retrospective analysis included consecutive patients with SAH who were treated at the NeuroCenter, Inselspital, University Hospital Bern, Switzerland, between January 2005 and December 2010. Demographic data, clinical data, and reports of EOS were recorded. The EOS were defined as seizures occurring within 24 hours after ictus. Patients were graded according to the World Federation of Neurosurgical Societies (WFNS) scale pre- and postresuscitation and dichotomized into good (WFNS I-III) and poor (WFNS IV-V) grades. Outcome was assessed at 6 months by using the modified Rankin Scale (mRS); an mRS score of 0-3 was considered a good outcome and an mRS score of 4-6 was considered a poor outcome. results Forty-one of 425 patients with SAH had EOS. Twenty-seven of those 41 patients (65.9%) had a poor WFNS grade. Twenty-eight (68.3%) achieved a good outcome, 11 (26.8%) had a poor outcome, and 2 (4.9%) were lost to followup. Early-onset seizures were proven in 9 of 16 electroencephalograms. The EOS were associated with poor WFNS grade (OR 2.81, 97.5% CI 1.14-7.46; p = 0.03) and good outcome (OR 4.01, 97.5% CI 1.63-10.53; p = 0.03). Increasing age, hydrocephalus, intracerebral hemorrhage, and intraventricular hemorrhage were associated with poor WFNS grade, whereas only age, intracerebral hemorrhage (p < 0.001), and poor WFNS grade (p < 0.001) were associated with poor outcome. coNclusioNs Patients with EOS were classified significantly more often in a poor grade initially, but then they significantly more often achieved a good outcome. The authors conclude that EOS can negatively influence grading. This might influence decision making for the care of patients with SAH, so grading of patients with EOS should be interpreted with caution.
incidence of SAH-related seizures and nonconvulsive status epilepticus influences patients' outcomes. 2, 3, 5, 6, 9, 17, 23 In addition, seizures, the postictal state, or status epilepticus may significantly influence the grading of a given patient.
For acute decision making and patient management, the severity of SAH as assessed by the WFNS scale is probably the most important single factor. 21 This grading may be highly relevant in the acute phase, especially for the patients with poor grades, because important management decisions like withdrawal of care are made in this early period. Up to now, the possible implication of seizures for grading of patients has not been analyzed. This report aims to highlight whether and to what extent seizures influence the grading of patients and outcome after SAH. We hypothesize that early-onset seizures (EOS) negatively influence grading of patients with SAH without being associated with poor outcome.
methods
We performed a retrospective analysis of consecutive patients with spontaneous SAH admitted to the Department of Neurosurgery, University Hospital Bern, Switzerland, between January 2005 and December 2010. The patient's WFNS score was assessed on admission and after neurological resuscitation. 7 Neurological resuscitation included intubation and mechanical ventilation for airway protection or, if respiratory distress developed, placement of arterial and venous lines, a CSF diversion via an external ventricular drain (EVD) or lumbar drain in case of hydrocephalus, and initiation of antiepileptic drugs (AEDs) after reported seizure, with administration of parenteral fluids to maintain euvolemia and initiation of nimodipine on admission. 8 In cases in which the patient's Glasgow Coma Scale (GCS) score could not be assessed due to continued sedation, the last GCS score before intubation was used. Patients were dichotomized into good-grade (WFNS I-III) and poor-grade (WFNS IV-V) groups.
A thorough chart review was performed and the GCS score as well as reports of seizures were noted at distinct time points
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: 1) at first contact with medical personnel (e.g., family practitioner, emergency technician, or another hospital); 2) on admission to our neurosurgical unit; 3) after neurological resuscitation but before aneurysm treatment; and 4) after securing the aneurysm. Seizures were defined as repetitive rhythmic jerking, with or without preceding tonic spasms, whether focal or generalized in nature, with or without loss of consciousness as convincingly described by a family practitioner, nonmedical witness, emergency staff, or physicians. 2, 17, 20 Early-onset seizures were defined as those occurring within 24 hours after onset of headache. 2 Because we were interested in the effect of seizure on grading of SAH, we analyzed seizures that took place from ictus until evaluation by a neurosurgeon, and after neurological resuscitation but within 24 hours after onset of headache. 11, 16 During data assessment, special attention was paid to avoid confusing EOS with posturing. Imaging at admission was used to determine ICH, hydrocephalus, and intraventricular hemorrhage (IVH). The volume of ICH was estimated using the "ABC/2" method. 10 Hydrocephalus was considered to be present in patients who had ventricular dilation on admission imaging. For these patients, an external CSF or lumbar drain was inserted. Outcome was assessed according to the modified Rankin Scale (mRS) at 6 months after ictus, and was dichotomized into good (mRS score of 0-3) and poor (mRS score of 4-6) outcome.
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The primary end point was grading of SAH according to the WFNS score. The secondary end point was outcome at 6 months as assessed by the mRS. The study was approved by the local ethics committee (Kantonale Ethikkommission Bern).
statistical analysis
Variables were chosen that might interfere with grading and outcome of patients with SAH. Univariate and multivariate analyses were conducted to analyze the impact of age, sex, presence of hydrocephalus, volume of ICH, IVH, and EOS on grading of patients with SAH before and after neurological resuscitation according to the WFNS grade as dependent variable. In addition, the impact of these factors and WFNS grade was analyzed with respect to outcome at 6 months after ictus, where outcome was the dependent variable. Differences between groups in the univariate analysis were tested using the Welch 2-sample t-test and the Fisher exact test, as appropriate. Multivariate analysis was performed with a binary logistic regression model. Odds ratios and confidence intervals were calculated; p values < 0.05 were considered significant. The odds ratio for the 2 continuous variables age and ICH volume were calculated per 1-unit increment of the respective variable (1 patient year, 1 ml hematoma volume). Statistical analysis was performed with "The R Project for Statistical Computing" (http://www.r-project.org).
results
Of the 425 patients with SAH included in this study, 187 were initially graded WFNS I, 64 were Grade II, 10 were Grade III, 60 were Grade IV, and 104 were Grade V. The cohort consisted of 280 female and 145 male patients (female to male ratio 1.9:1) with a median age of 56 years (interquartile range [IQR] 49-66 years). Complete data sets including outcome data were available for 359 of 425 patients; 66 patients (15.5%) were lost to follow-up (52 patients with WFNS Grade I, 12 with WFNS Grade II, and 2 with WFNS Grade III). Seven (12.5%) of 56 patients with seizure were lost to follow-up, 2 of whom presented with an EOS.
seizure characteristics
In total, 56 of 425 patients (13.2%) were reported to have suffered a seizure between initial ictus and discharge from the neurosurgical department. Of these, 24 patients (42.9%) presented with a seizure at initial ictus, 17 (30.4%) on admission at the emergency department before resuscitation, 4 (7.1%) after neurological resuscitation, and 11 (19.6%) after treatment of the aneurysm. Clinical presentations of EOS were described as primary generalized tonic-clonic seizure (n = 38), secondary generalized seizure (n = 3), and partial complex seizure (n = 1). In 3 patients seizures were not further specified. Seizures were associated with urinary (n = 11) and fecal (n = 2) incontinence and tongue biting (n = 6). Of the 425 patients, 8 presented with posturing, and none of these had EOS.
Of the 41 patients who presented with EOS before neurological resuscitation, 24 were intubated at admission and 15 of these intubated patients received a specific AED treatment other than sedative medication. Seventeen patients were not intubated at admission, of whom 11 received AED treatment. The choice of AED treatment depended on the comorbidities and the type of seizures. In patients with status epilepticus the first choice was valproic acid, whereas in patients with self-limiting seizures, levetiracetam was the first choice. Depending on the clinical course, presence of additional seizures, and electroencephalography (EEG) results, continuation of AED treatment was decided on a case-by-case basis. In cases in which no additional seizures were observed, AEDs were generally discontinued after 14 days.
Of 41 patients in whom EOS occurred, an EEG study was performed in 16. In these 16 cases, EEG showed epileptic activity in 9 patients (56%) and 7 displayed nonepileptogenic EEG results. None of the EEG recordings was performed within the first 24 hours after ictus.
grading of patients with sah
For the primary analysis we assessed 39 patients with EOS before neurological resuscitation. Three patients were graded WFNS I, 7 were Grade II, 2 were Grade III, 10 were Grade IV, and 17 were Grade V. Two patients with EOS were lost to follow-up. Outcome was good in 28 and poor in 11 cases (Table 1) . Early-onset seizure was associated with a poor WFNS grade in both univariate (OR 3.0, 97.5% CI 1.41-6.74; p = 0.002) and multivariate analyses (OR 2.81, 97.5% CI 1.14-7.46; p = 0.03). Besides EOS, known risk factors like age, hydrocephalus, ICH, and IVH were associated with poor-grade SAH (Table 2) .
After neurological resuscitation, 31 patients with EOS (75.6%) had an EVD placed due to hydrocephalus. After placement of an EVD, 13 patients (41.9%) showed an improvement in post-versus preresuscitation GCS (median GCS improvement 4 points [ ). Eighteen patients (58.1%) with EOS presented a lower or unchanged GCS score after EVD placement.
One hundred forty-three patients without seizure had a CSF diversion (37.2%) with available GCS scores before and after CSF diversion. Comparison of GCS scores at admission and postresuscitation showed that 15 patients (10.5%) improved (median GCS improvement of 2 points [IQR 1-4]), whereas 128 patients (89.5%) had a lower or unchanged GCS score after resuscitation. In patients with EOS, GCS improvement after CSF diversion was significantly higher than in patients without EOS (OR 6.07, 95% CI 2.27-16.37; p = 0.0001).
After neurological resuscitation, 4 patients presented with seizures. We repeated the complete statistical analysis for the data after neurological resuscitation. At this time point, after neurological resuscitation, EOS was no longer associated with poor WFNS grade, either in a univariate (OR 1.81, 97.5% CI 0.9-3.74; p = 0.1) or in a multivariate analysis (OR 1.32, 97.5% CI 0.57-3.20; p = 0.52) ( Table 2) .
Other known parameters associated with poor grades, like age, hydrocephalus, ICH, and IVH were associated with poor WFNS grade ( Table 2) .
outcome of patients with sah
Outcome after 6 months for patients with good and poor WFNS grade and EOS are displayed in Table 1 . Almost 70% of patients with EOS showed a favorable outcome as defined by an mRS score of 0-3. According to the preresuscitation WFNS grading, EOS were not associated with good outcome in the univariate analysis (OR 1.43, 97.5% CI 0.66-3.30; p = 0.38). However, the multivariate analysis of EOS showed a significant association (OR 4.01, 97.5% CI 1.63-10.53; p = 0.03) with outcome (Table 3) .
After neurological resuscitation the univariate analysis showed no association of EOS and good outcome (OR 1.46, 97.5% CI 0.7-3.26; p = 0.31), whereas in the multivariate analysis EOS were associated with good outcome (OR 2.6, 97.5% CI 1.11-6.48; p = 0.03) ( Table 3 ). This was in contrast to patients without EOS. In this group the same statistical analysis was performed. Here, a poor WFNS grade was associated with poor outcome at 6 months (OR 0.11, 97.5% CI 0.05-0.23; p < 0.0001) independently of timing of assessment, and pre-or postresuscitation.
discussion
To our knowledge this is the first report to analyze the impact of EOS on the grading of SAH. Early-onset seizures were significantly associated with poor grades. However, these patients had a good outcome. The discrepancy between initial poor grades and good outcome is intriguing, especially because in patients without EOS a poor grade remains associated with a poor outcome. Our most obvious explanation is that EOS distort the clinical status of patients temporarily, mimicking a worse clinical status and therefore a poorer WFNS grade. The clinical status reflected by the WFNS grade is one of the best predictors for clinical outcome. Our interpretation of the current data is that EOS are not the cause of good outcome in these patients; instead, EOS may contribute to a worse WFNS grade as compared with a similar patient without EOS. Thus, the presence of EOS conceals the more positive potential outcomes of such patients. This is displayed in our data by the fact that EOS are associated with poor WFNS grade only in the preresuscitation grading. Postresuscitation patients with EOS showed a clinical improvement, as evidenced by the lack of an association between EOS and poor WFNS grade. This clinical improvement postresuscitation, which is accompanied by a better WFNS grade, most likely explains the good outcome of patients with EOS after 6 months. In our study cohort, 13.2% of patients presented with a seizure between initial ictus and discharge from the neurosurgical unit, which is consistent with previous reports. 3, 4, 11, 13, 20 Of these, 73.2% suffered their seizure in the early phase, including the prehospitalization period up to neurological resuscitation. The impact of EOS on outcome has been previously studied. 2, 9, 11, 17, 20 Some authors state that EOS are not associated with poor outcome, 9, 20 whereas Lin et al. say that EOS are associated with a persistent neurological deficit.
11 On the other hand, Pinto et al. 17 and Butzkueven et al. 2 show a significant association with EOS and poor outcome, although in their studies outcome assessment was done on discharge and at 6 weeks after ictus, respectively. Due to the capacity for clinical improvement after SAH, these time points for outcome assessment seem too early to draw definitive results.
seizures and timing of grading in patients with sah
The current expert opinion is that postresuscitation neurological status is the best predictor of outcome in patients with SAH. 8, 14 This notion is corroborated by our data. Up to now, hydrocephalus has been thought to be the main confounder interfering with grading in patients with SAH. Another explanation suggested by our data is that EOS may obscure grading in the initial phase. After neurological resuscitation there is no longer a statistical association between EOS and a poor grade. The GCS grades of patients with EOS significantly improved after neurological resuscitation. Clinical improvement of patients with EOS after neurological resuscitation can be attributed to the following circumstances: 1) correction of raised intracerebral pressure; 2) initiation of anticonvulsive treatment (propofol, benzodiazepines, AEDs); and 3) spontaneous improvement of patients due to the elapsed time between seizure and neurological resuscitation. Confusing EOS with posturing seems unlikely to us. We specifically paid attention to this condition and identified 8 patients in our cohort with posturing. None of these patients had EOS and all of them had a poor outcome. We know from the literature that patients who show posturing rarely improve and do not have a good outcome. 18, 25 In contrast, the EOS group showed good outcome at 6 months and better clinical improvement after neurological resuscitation.
Early-onset seizures occurred in 10.6% of our study cohort, regardless of WFNS grade, and it occurred in 41 of 164 (25%) of patients with poor-grade SAH, compared with the published rates of hydrocephalus in SAH of up to 24%. 12, 15, 22 Early-onset seizures might be an underestimated factor that interferes with WFNS grading. Hence, our data support the current opinion that grading of patients with SAH should be performed after neurological resuscitation.
The major limitations of this study are the retrospective design and single-center setting. In addition, differentiation between seizures, posturing, or a convulsive syncope can be difficult and these conditions might have been confused. Therefore, misdiagnosis cannot be excluded and patients without EOS might have been included in the study cohort. Also, we did not routinely perform EEG studies in patients with suspected seizure.
conclusions
On the basis of our results we conclude that EOS may contribute substantially to improper grading of patients with SAH. The results support the current opinion that postresuscitation clinical status should be used for grading of SAH.
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